f 



i 



EXHIBIT 1 



i 
i 




AlecJ.Megibow.MD.MPH 
James S.Babb, PhD 
Elizabeth M.Hecht, MO 
Jennie J. Cho.BS 
Carmela Houston, MS, CCRA 
Michael M. Boruch.AAS, CCRA 
Archie B. Williams 




^vRSNA^Annual^MeetingiBcc^^ec! Nw>ffiber22„. V 

&ve&^ ;■' S$pbrted by. a ' [ 

granttfrom\E ZTEk : 



&RSNA£2005^ 



Evaluation of Bowel Distention 
and Bowel Wall Appearance by 
Using Neutral Oral Contrast 
Agent for Multi-Detector Row 
CT 1 



^ 



Radiology: Volume 238: Number 1— January 2006 




87 



CONTRAST MEDIA: Bowel Distention and Bowel Wall Appearance 



Megibowetal 




ulti- detector row computed to- 
mographic (CT) scanners offer 
I the ability to acquire image 
data composed of near-isotropic voxels 
that allow for high-quality and clinically 
useful volume imaging, thereby specifi- 
cally enabling CT data (collected as a 
volume) to be viewed in any conceivable 
viewing plane (1). Volume imaging has 
several appeals. First, volume displays 
allow for the efficient communication of 
diagnostic information in displays that 
are more understandable to referring 
clinicians. Second, volume imaging al- 
lows for economic use of the larger data 
sets that result from scanners with 
more detector rows. 

As volume imaging becomes in- 
creasingly used for primary diagnosis at 
CT, it is an opportune time to reevalu- 
ate the adjuncts that facilitate this imag- 
ing paradigm. Neutral cndoluminal con- 
trast agents (ie, contrast agents that 
afford the intestinal lumen an attenua- 
tion that is near that of water) could 
potentially improve diagnoses of ab- 
dominal and pelvic abnormalities at 
multi- detector row CT. Neutral con- 
trast agents have been shown to be valu- 
able in the diagnosis of small-bowel 
disorders, including ischemia (2), neo- 
plasms (3), and Crohn disease (4-6), 
and have been used to mark the stom- 
ach and duodenum during evaluation of 
the pancreas and biliary tree (7,8). 
Most clinical experience is with plain 
water as a contrast agent. Water is an 
excellent contrast agent when used dur- 
ing upper abdominal CT scanning, but 
because water is rapidly absorbed 
through the intestinal wall, the use of 
this contrast agent in the jejunum and 
ileum is limited (7,8). Nasoentcric tubes 
have been proposed as a method to de- 
liver contrast agents in a rapid bolus 
that would allow scanning prior to sub- 
stantial absorption at CT enteroclysis 
(9,10). Patient acceptance, however, is 
markedly reduced because of the need 
for intubation and because of the in- 
creased time and materials associated 
with the procedure (5). Some investiga- 
tors have suggested that water with 
suspending agents could produce high- 
quality peroral CT enterographic iin 
ages (6,11). 



The purpose of our study was to 
prospectively evaluate the performance 
of an orally administered 0.1% barium 
suspension, Volumen (E-Z-Em; Lake 
Success, New York), as a bowel-mark- 
ing agent for multi- detector row CT. 



Materials and Methods 



The trial was sponsored by E-Z-Em. The 
sponsor provided the Volumen, and we 
provided the methylcellulose (E-Z-Em), 
Keadi-Cat 2% (E-Z-Em), and glucagon 
(Glucagon; Bedford Laboratories, Bed- 
ford, Ohio). The sponsor created all 
lata forms and instructed the physician 
issistants on the randomization pro- 
( ess; the Institutional Review Board-ap- 
proved consent form was used. The 
ponsor also made random visits to the 
ite to provide quality control monitor- 
ng and oversight. The sponsor assumed 
the costs of the CT scans at the institu- 
tional research rate. The authors from 
New York University (A.J.M., E.M.H., 
J.J.C., J.S.B.) had sole control of the 
data generated by this trial. The authors 
who were employees of E-Z-Em (C.H.,/ 
M.M.B., A.B.W.) were blinded to a\J 

^data generated during the trial. J 

This study was compliant with the 
Health Insurance Portability and Ac- 
countability Act, was approved by the 
Institutional Review Board, and con- 
formed to the institutional standards for 
research funded by a commercial spon- 
sor. All patients enrolled in the study 
gave informed consent. The sponsor 
provided the mechanism for reporting 
adverse effects that were related to the 
contrast agent. 

A total of 60 consecutive outpatients 
(33 women, 27 men; average age, 58.2 
years) who were known to have or were 
suspected of having pancreatic or bili- 
ary disease were referred between De- 
cember 2003 and May 2004 for evalua- 
tion with CT. Patients were randomized 
into two groups on the basis of the type 
of neutral oral contrast agent adminis- 
tered. Group 1 received 1 200 mL of 
VolumenT 



1200 



m L of a solution containing three p a rts 
w ater and one part rnethvlcel lulose. 
Volumen contained additives in similar 



proportions to those contained in 
Readi-Cat 2%. 

Demographically, 45 (75%) of the 
60 patents enrolled in the study were 
white, seven (12%) were black, four 
(7%) were Hispanic, three (5%) were 
Asian, and one (2%) was not docu- 
mented. The average age of was 58.2 
years, average weight was 167.5 lb 
(76.0 kg), and average height was 66.4 
inches (168.6 cm). Specific indications 
included known pancreatic disease, sus- 
pected pancreatic disease (ie, severe 
epigastric pain with or without weight 
loss), and biliary disease. Of the 60 pa- 
tients who were included in the study, 
26 (43%) had undergone previous ab- 
dominal surgery, including appendec- 
tomy, cholecystectomy, cystectomy 
with ileal conduit, hernia repair, hyster- 
ectomy, and colon resection. Surgical 
history was not documented in six pa- 
tients (10%), and the remaining 28 pa- 
tients (47%) had no history of abdomi- 
nal surgery. A total of 42 patients (70%) 
were taking multiple medications at the 
time of their diagnostic procedure com- 
pared with 17 patients (28%) who were 
not on any medications at the time of 
their diagnostic procedure. Medication 
history was not obtained in one patient. 
Patients were excluded if they were 
known to have undergone prior pancre- 
atic surgery, could not receive intrave- 
nous contrast material, or were unwill- 
ing to sign the institutional consent 
form. 
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An additional 60 consecutive outpa- 
tients (34 women, 26 men; average age, 
64.0 years) who received Rcadi-Cat 2% 
were also included in our study. This 
portion of our study was Health Insur- 
ance Portability and Accountability Act- 
compliant and was approved by the In- 
stitutional Review Board, which waived 
informed consent. 

Protocols: Contrast Agent Administration 
and CT Scanning 

For each group, 900 mL of contrast 
agent was administered steadily for 20 
minutes. After administration was com- 
plete, patients were asked to change 
into the examination gown and position 
themselves on the CT table. This inter- 
val was usually between 7 and 12 min- 
utes. Once patients were on the table, 
an additional 200-300 mL of oral con- 
trast agent was given. The total time for 
oral contrast administration varied be- 
tween 27 and 32 minutes. The oral con- 
trast material protocol for the addi- 
tional 60 outpatients comprised the 
administration of 900-1000 mL of oral 
contrast agent over a 45-minute period, 
immediately prior to scanning (ie, while 
the patient was on the CT table), an 
additional 200 mL of water was admin- 
istered to distend the stomach. 

A total of 14 examinations were per- 
formed with a four- detector row CT 
scanner (Volume Zoom; Siemens Medi- 
cal Systems, Forchheim, Germany), 
and 46 examinations were performed 
with a 16 -detector row CT scanner 
(Sensation 16; Siemens Medical Sys- 
tems). All examinations were per- 
formed by using intravenous contrast 
material (Ultravist 300; Betiex Labora- 
tories, Montvillc, NJ) that was adminis- 
tered by means of a power injector (Em 
Power; E-Z-Em) at rates of between 2 
and 4 mL/sec. After localizer images 
were obtained, a dual acquisition proto- 
col was used. Phase 1 (pancreatic 
phase) images were obtained 40 sec- 
onds after the initiation of the bolus 
from the xiphoid to the top of the sacro- 
iliac joints by using a 4 X I -nun detector- 
configuration, creating 3-mm sections. 
Phase 2 (portal phase) images were ob- 
tained beginning at 75 seconds after the 
initiation of the bolus from the xiphoid 



to the symphysis pubis by using a 4 X 
2.5-mm detector configuration, creating 
4-mm sections. With the 16-detcctor 
row scanner, phase 1 images were ob- 
tained at 50 seconds with a 16 X 
0.75-mm detector configuration, creat- 
ing 3-mm sections, and phase 2 images 
were obtained at 90 seconds by using 
16 X 1.5-mm detector configuration, 
creating 4-mm sections. For each acqui- 
sition, the coverage obtained with the 
16 -detector row protocol was identical 
to that obtained with the four- detector 
row protocol. A total of 46 (77%) of 60 
patients (ie, 21 patients from group 1 
and 25 patients from group 2) received 
0.1 mg of glucagon immediately prior to 
CT scanning. Six patients (10%) (ie, 
two patients from group 1 and four pa- 
tients from group 2) did not receive glu- 
cagon. Because glucagon administration 
was not documented in eight patients 
(13%), it was assumed that glucagon 
was not given. 

CT Interpretation 

Two attending radiologists (A.J.M., 
K.M.H.), one with more than 25 years 
experience and one with 2 years experi- 
ence in dedicated body imaging, inde- 
pendently reviewed images from each 
examination as transverse 3- or 4-mm 
sections on a picture archiving and com- 
munication system workstation. Both 
readers were blinded to the type of oral 
contrast agent used. Images from each 
examination were rated on a continuous 
five-point scale (0 = worst, 4 = best) for 
the ability of the readers to visualize 
selected segments of the gastrointesti- 
nal tract (ie, gastric fundus, gastric an- 
trum, duodenal folds, jejunal folds, and 
ileal folds) and for the qualitative as- 
sessment of distention in each segment 
(ie, stomach, duodenum, jejunum, and 
ileum). A score of 4 meant that the seg- 
ment was distended, the wall was uni- 
formly visualized, and a fold pattern 
could be recognized. A score of 0 meant 
that the segment was collapsed, the 
walls could not be seen, and a fold pat- 
tern could not be recognized. Readers 
did not have the ability to determine if 
the given segment was normal or possi- 
bly thickened from a pathologic pro- 
cess. Because the analysis was pur- 



posely qualitative, gradations from 
"total collapse, no folds seen, and no 
wall discerned" (ie, a score of 0) to 
"maximal distention, wall uniformly 
evaluated, and folds recognized" (ie, a 
score of 4) were collected on a continu- 
ous scale. Additionally, the readers 
were asked if there were diagnostic 
findings for each case and if there were 
other clinically important abnormalities 
present elsewhere on the images. Read- 
ers did not tabulate findings such as he- 
patic cysts, renal cysts, renal calculi, or 
gallstones. 

A quantitative analysis of the degree 
of distention was also performed. One 
of the researchers (J.J.C., a 4th-year 
medical student) who was blinded to the 
contrast agent used measured the larg- 
est cross-sectional diameter from outer 
wall to outer wall within the duodenum, 
jejunum, and ileum for each patient. 
The largest diameter measurement (in 
square centimeters) could be chosen 
from either the phase 1 or phase 2 im- 
ages. The product of the bidimensional 
measurements was tabulated for each 
segment in each patient. We similarly 
measured the largest cross-sectional di- 
ameters in the additional 60 consecutive 
outpatients who received Readi-Cat 
2%. Our protocol for these patients was 
not modified from our normal oral dos- 
ing regimen, which comprised adminis- 
tration of 900-1000 mLof the oral con- 
trast agent over a 45-minute period. 
Immediately prior to scanning (ie, while 
the patient was on the CT table), an 
additional 7 oz (207 ml.) of water was 
administered to distend the stomach. 

Statistical Analysis 

In order to determine the statistical sig- 
nificance for qualitative analysis, an 
arithmetic mean of the numeric scores 
that were recorded by each reader for 
luminal distention and visualization of 
the stomach, duodenum, jejunum, and 
ileum was calculated. The arithmetic 
mean value for each reader was deter- 
mined by averaging the responses to a 
visual assessment of distention in the 
stomach, duodenum, jejunum, and il- 
eum, as recorded on a continuous five- 
point linear scale. Visualization was 
judged by each reader's ability to see 
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the mural anatomic features that were 
appropriate to each specific segment. 
Gastric visualization was based on a 
combination of scores for the visualiza- 
tion of uniform thickness in the walls of 
the gastric fundus and gastric antrum. 
Visualization in the duodenum and jeju- 
num was based on the subjective ability 
of readers to detect folds within these 
segments. Visualization in the ileum was 
based on the ability to see the ileal wall. 
The qualitative data points for disten- 
tion and visualization in each segment 
for each patient were averaged for each 
of the two readers. The two groups (ie, 
group 1 and group 2) were then com- 
pared with respect to the mean values 
for each segment by using the Mann- 
Whitney test. These combined mean 
scores were compared at a 95% confi- 
dence level by using the Wilcoxon 
signed rank test. 

For the quantitative analysis, a 
mixed-model least-squares regression 
was used to examine the differences 
among the contrast agents with respect 
to the product of the bidimensional di- 
ameter assessments. The dependent 
variable consisted of the product of the 
bidimensional measurements observed 



for each patient in each of the three 
regions of the small intestine (ie, duode- 
num, jejunum, and ileum). The predic- 
tion model included the contrast agent 
received by each patient (ie, Readi-Cat 
2%, Volumen, or water with methylcel- 
lulose) and the location of each bidi- 
mensional assessment (ie, duodenum, 
jejunum, or ileum) as fixed classification 
factors, patient age and sex as covari- 
ates, and terms representing the inter- 
action of contrast agent with location, 
age, and sex. The covariance structure 
was modeled by assuming that observa- 
tions are either correlated or indepen- 
dent when associated with the same or 
different patients and by allowing the 
error variance to differ for each con- 
trast agent. 

Examination of the residuals from 
the mixed models that fit with the bidi- 
mensional assessments on the original 
scale of measurement suggested that 
the underlying model assumptions were 
reasonably met. Therefore, no normal- 
izing or variance-stabilizing transforma- 
tions were applied to the data. The 
mixed-model analysis indicated that the 
relative effects of the contrast agents on 
the bidimensional diameters were not 



the same in the three regions of the 
small intestine (ie, there was a signifi- 
cant interaction between region and 
contrast agent). Consequently, the 
Tukey honestly significant difference 
procedure was used to make all pair- 
wise comparisons among the contrast 
agents with respect to their effect on 
diameter in each of the three regions 
while adjusting for the effects of age and 
sex and maintaining the familywise type 
I error rate for the set of comparisons at 
or below the nominal 5% level. 



Results 



Abnormalities Detected at CT 

CT demonstrated abnormalities in 33 
(55%) of 60 patients (Table 1). There 
were 17 pancreas-related abnormali- 
ties, including four adenocarcinomas, 
four cystic masses (in patients with no 
history of pancreatitis), four pseudo- 
cysts, four cases of chronic pancreatitis, 
and one case of acute pancreatitis. 
There was concordance between the 
two readers in 15 patients. In one pa- 
tient, reader 1 interpreted the findings 
as pancreatic cancer, whereas reader 2 
interpreted the findings as chronic pan- 
creatitis. In a second patient, reader 1 
foiled to diagnose a cystic mass that was 
detected by reader 2. Abonormalites 
that were not related to the pancreas 
were observed in 16 patients, including 
three with lymphadenopathy, three 
with small-bowel anastomoses, two 
with diverticulosis, two with mesenteric 
vein thromboses, and one each with 
cholangiocarcinoma, duodenal lipoma, 
duodenal diverticulum, renal cancer, 
polycystic kidney disease, and noncystic 
liver mass. 

Age and Sex 

A total of 15 women and 15 men (mean 
age, 58.1 years) received Volume n: 18 
women and 12 men (mean age, 57.4 
years) received water wi th mcthylccll u- 
lose; and 35 women and 25 men (mean 
age, 64.6) received R eadi-Ca t 2%. 
There were no statistically significant 
differences between those who received 
Volumen and those who received either 
Readi-Cat 2% or water with methylcel- 
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lulose with respect to the amount of dis- 
tention that could be related to either 
patient age (P — .175) or sex (P = .445) 
(Table 2). There were no reported ad- 
verse effects. Volumen was successful in 
producing neutral contrast enhance- 
ment within the stomach, duodenum, 
and small bowel and facilitated the de- 
tection of disease (Fig l).|The unifor- 
mity and reproducibility of bowel dis- 
tention and visualization could be 
appreciated in multiple patients (Fig 2). 

Qualitative Analysis 

For qualitative analysis (Table 3), the 
mean values for distention in th e_ stom - 
achJP = .013), duoden um (P = .006), 
jejunum (P = .029), and ileum (P = 
.f30) were all significantly greater in 
group 1 than in group 2. The mean 
scores for visualization of anatomic de- 
tail in the duodenum (P = .003), jeju- 
num (P = .024), and ileum (P = .010) 
we re all significantly greater in group 1 
t han in flroup 2 . There was a trend to- 
ward higher mean visualization scores 
in the stomach for patients in group 1 , 
but this difference was not significant at 
the 5% level (P = .092). Of note is that, 
in each category, the scores for reader 1 
were uniformly higher than those for 
reader 2. The scores for reader 2, how- 
ever, were uniformly higher in group 1 
than in group 2. We did not form ally- 
test the effect of glucagon administra- 
tion between the two groups. The qual- 
itative evaluations of the patients who 
did and those who did not receive gluca- 
gon did not appear to differ. 

Quantitative Analysis 

The results of the quantitative analysis 
arc summarized in Table 4. For the 
quantitative assessment of distention in 
the duodenum, there was no significant 
relationship between the contrast agent 
used and the age (P = .667) or sex (P = 
.566) of the patient. There was a highly 
significant difference among the con- 
trast agents (P = .001) in terms of max- 
imal distention in the duodcnum^ jThc 
Tukey honestly significant difference 
showed that, after adjusting for age and 
sex, the maximal distention in the duo- 
denum after administration of Volumen 
was si gnifica ntly higher than that ob- 




Figure 1 






a. 


b. 








c, d. 

Figure 1 : Transverse CT scans obtained in an 81 -year-old man with known pancreatic adenocarcinoma 
alter administration of Volumen. (a) Scan reveals well-distended stomach (S). Mural features of gastric wall 
can be distinguished. No abnormality is seen in the uniformly thickened wall, (b) Scan reveals a mass (M)\n 
the head of the pancreas. A metallic biliary stent is present within the common bile duct. Despite the mass, the 
duodenum is distended (arrow). Both walls can be visualized. In the left portion ol the abdomen, neutral con- 
trast enhancement is seen in the jejunal and proximal ileal loops, (c) Scan obtained at a slightly lower position 
than b demonstrates pancreatic mass. Jejunal wall and fold pattern can be easily distinguished (arrow). Note 
the visualized wall of the proximal ileal loops (arrowhead), (d) Scan obtained at level of the umbilicus reveals 
uniformly distended ileal loops (arrowhead). Terminal ileum is well distended as it enters the cecum (arrow). 



tained after administration of either 
Kcadi-Cat 2% (adjusted honestly signif- 
icant difference, P < .001) or water 
with methylcellutose (P = .014). The 



maximal distentions associated with 
H cadi -Cat 2% and water with methyl- 
cellulose were not significantly different 
(P=.913). , 
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There were highly significant differ- 
ences between the sexes (P = .003) and 
among the contrast agents (P < .001 ) in 
terms of the maximal distention in the 
jejunum. Specifically, maximal disten- 
tion in the jejunum was significantly 
higher for men (4.27 ± 1.10 [standard 




Figure 2: Coronal maximum intensity projec- 
tion image obtained in 58-year-old woman dis- 
plays both mesenteric arterial supply and venous 
drainage of small bowel. Note the uniform disten- 
tion of the entire length of the small bowel. Folds in 
the duodenal sweep (arrow) can be seen. Terminal 
ileal region is displayed (arrowhead). 



deviation]) t han for wo men (3.70 ± 
0.90). [ The Tukey honestly signihcanT' 
difference showed that, after adjusting 
for age and sex, the maximal distention 
in the jejunum after administration of 
Volumen was significant ly higher than 
that obtained after administration of ei- 
ther Readi-Cat 2% (adjusted honestly 
significant difference, P < .001) or wa- 
ter with methylcellulose (P < .001 ). The 
maximal distentions associated with 
Readi-Cat 2% and water with methyl- 
cellulose were not significantly different 
(P=.861). 



There were highly significant differ- 
ences between the sexes (P < .001) and 
among the contrast agents (P < .001 ) in 
terms of maximal distention in the il- 
eum. Specifically, the product of the bi- 
dimensional diameters in the ileum was 
significantly higher for men (mean, 
3.17 ± 0.90) than for women (2.60 ± 
0.60). The Tukey honestly significant 
difference showed that, after adjusting 
for age and sex, the maximal distention 
in the ileum after the administration of 
Volumen was significantly higher than 
that obtained after the administration of 




Table 3 




92 



Radiology: Volume 238: Number 1— January 2006 



CONTRAST MEDIA: Bowel Distention and Bowel Wall Appearance 



Megibowetal 



either Readi-Cat 2% (adjusted honestly 
significant difference, P < .001) or wa- 
ter with methylcollulose (P < .001 ). The 
maximal distentions associated with 
Readi-Cat 2% and water with methyl- 
cellulose were not significantly different 
(P = .I89). 

We did not formally test the effect 
of glucagon administration between the 
two groups. The quantitative evaluation 
of the patients who did and those who 
did not receive glucagon did not appear 
to differ. 



Discussion 



In the mid-1980s, negative oral contrast 
agents (12-14) (eg, air or carbon diox- 
ide, which cause the contrast material- 
filled lumen to appear black and pro- 
duce an attenuation measuring —200 
HU or lower) and neutral oral contrast 
agents (eg, water or corn oil emulsions, 
which cause the contrast material-filled 
lumen to appear gray and produce an 
attenuation measuring either at or near 
that of water) began to be explored for 
use with abdominal CT (15). Although 
investigators noted a more precise visu- 
alization of the intestinal wall, the pre- 
dominant use of these negative oral con- 
trast agents was restricted to tumor 
staging (16-18) and did not approach 
replacing positive contrast agents. 

An increased interest in the use neu- 
tral oral contrast agents has paralleled 
the widespread clinical use of multi- de- 
tector row CT scanners. The combina- 
tion of rapid image acquisition and 
widespread use of eight to 16 -detector 
row CT scanners, which provide high- 
quality multiplanar and three-dimen- 
sional volume-rendered images in any 
conceivable plane, produce remarkable 
images of a wide variety of intestinal 
abnormalities (3,19-21). The ability to 
visualize the bowel wall and to distend 
the lumen adds to the diagnostic capa- 
bilities of current abdominal CT exami- 
nations. The use of neutral luminal oral 
contrast agents combined with the vol- 
ume capabilities of multi- detector CT 
scanners allow radiologists to routinely 
visualize the bowel and its vascular sup- 
ply. 

Patients referred for multi- detector 



row CT who consume 900-1000 mL of 
Volumen over a 20-30-minute period 
and who receive the final 200 mL (total 
volume of 1200 mL) immediately prior 
to the examination demonstrate signifi- 
cantly superior distention in all seg- 
ments of the gastrointestinal tract and 
show significantly better depiction of 
anatomic detail in the duodenum, jeju- 
num, and ileum, with slightly better an- 
atomic visualization of gastric wall com- 
pared with that of patients who receive 
orally administered water with methyl- 
cellulose or standard barium suspen- 
sion. Even though the volume of the oral 
contrast agent that was used in our 
study was less than the 1800 mL used by 
Wold and coworkers (5), we were still 
able to obtain excellent distention. Fur- 
thermore, our results show that we 
were able to achieve uniform and supe- 
rior luminal distention compared with 
that achieved by administering positive 
contrast agents according to the estab- 
lished protocol. We did not modify our 
oral barium regimen to match the rapid 
drinking protocol used with neutral con- 
trast agents; therefore, we cannot con- 
clude that there would be a difference 
after similar modifications to the timing 
of oral administration of barium suspen- 
sion at CT. It should be noted, however, 
that the rapid drinking of the neutral 
contrast agent achieved a major goat — 
that is, the reproducibly of uniform dis- 
tention along the length of the gastroin- 
testinal tract. Finally, we did not 
attempt to perform CT enterography by 
using Volumen nor did we have the abil- 
ity to compare the performance of this 
contrast agent with that of water, as 
was used for this application. 

The significantly improved perfor- 
mance of Volumen compared with that 
of water with methylcellulose in the du- 
odenum, jejunum, and ileum may be re- 
lated to the presence of stabilizing 
agents within Volumen that improve 
transit and diminish resorption across 
the intestinal wall. This effect is much 
less apparent when the stomach is max- 
imally distended after administration of 
the immediate prescanning dose and by 
the fact that there is minimal water re- 
sorption from the stomach. 

We did not formally test the poten- 



tial benefits of glucagon between pa- 
tients who did and those who did not 
receive this drug prior to examination. 
The numbers of patients in each group 
who did not receive glucagon or in 
whom administration was not docu- 
mented (ic, seven patients in group 1 
and seven patients in group 2) was 
small. The qualitative and quantitative 
results in these 14 patients were within 
the ranges of the entire patient cohort. 

There are several collateral benefits 
available to clinical practice by using 
this contrast agent. First, in order for 
the contrast agent to perform optimally, 
at least two-thirds of the total volume 
(900-1000 mL) must be consumed over 
a 20-30-minute period, with the final 
third (200-300 mL) given when the pa- 
tient enters the scanning suite. For the 
traditional oral contrast administration 
protocol, patients usually consumed the 
contrast agent over a 45-60-minute pe- 
riod. The more rapid cycle time could 
improve patient throughput without 
compromising diagnosis. A further po- 
tential benefit of using Volumen as a 
neutral contrast agent relates to the 
presence of the small quantity of barium 
in the suspension. This small amount of 
barium renders the overall attenuation 
of the lumen in the range of 20-40 HU. 
At this attenuation level, the luminal 
fluid is not so dense that it obscures the 
detail of the contrast-enhanced wall; 
however, because the contrast en- 
hancement of the bowel wall appears 
slightly hyperdense compared with that 
of water, we expect that we can more 
easily distinguish adjacent cystic masses 
in the abdomen pelvis or retroperito- 
neum. We did not formally test this sup- 
position. 

At our institution, we currently use 
water with methylcellulose as the rou- 
tine oral contrast agent for all patients 
who are suspected of having pancreatic 
or biliary disease. This is the reason 
why our study population was limited to 
patients with these clinical indications 
for CT. Therefore, we did not detect 
clinically important enteric disease in 
these individuals nor did we compare 
the findings of conventional barium ex- 
aminations to those obtained with the 
reference standard in these patients. 
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v Our sole purpose was to evaluate the 
degree of distention and the appearance 
of mucosal features along the bowel. 
Our ability to make diagnoses at CT in 
the 30 patients who received Volume n 
was not compromised. Currently at our 
institution, we have Volumen available 
1 as a contrast agent for all CT examina- 
tions. Although there are no specific 
contraindications for this contrast 
agent, it is generally recommended that 
water-soluble contrast agents should be 
used in patients suspected of having 
esophageal or intestinal perforation. 
The risk to patients who aspirate is 
equivalent to the risk associated with 
other barium suspensions. 

Our quantitative analysis is limited 
by the fact that the widest wall-to-wall 
diameter is, at best, a surrogate mea- 
sure of the overall distention within a 
segment of the gastrointestinal tract. 
We had no readily available method 
that would allow us to measure the vol- 
ume of the entire segment of interest. 
Had we been able to render an entire 
segment of the alimentary canal in a 
cylindrical model for volume analysis, 
the differences may have become less 
apparent. The quantitative findings did, 
however, parallel those of the qualita- 
tive assessment, which evaluated the 
reader's impression of the entire seg- 
ment. 

We have found several drawbacks 
associated with this contrast agent. 
First, Volumen is optimally used in com- 
bination with an intravenous contrast 
agent because visualization of the con- 
trast-enhanced bowel wall is necessary 
for recognition of a bowel loop. As one 
might imagine, this is especially impor- 
tant in thin patients. Therefore, we do 
not use this contrast agent for patients 
who are undergoing unenhanced CT ex- 
aminations. Second, the absolute need 
for rapid drinking and ready access to 
the CT scanner once the contrast agent 
has been consumed requires that the 
radiology department carefully super- 
vise the entire oral contrast agent dos- 
ing regimen. This may not be feasible in 
hospitals or emergency departments 
where oral contrast agent administra- 
tion frequently is not directly controlled 
by the radiology department. Finally, it 



remains unclear if this contrast agent 
will provide sufficient endoluminal con- 
trast enhancement to allow for the con- 
fident diagnosis of acute appendicitis. 
When coupled with intravenous con- 
trast agents, positive oral contrast 
agents that distend the terminal ileum 
and cecum have been shown to be supe- 
rior in facilitating the diagnosis of acute 
appendicitis (22). Should the appendix 
be surrounded by multiple distended 
loops that are filled with a neutral con- 
trast agent and display a brightly en- 
hanced wall, one can imagine this could 
confound rather than enhance diagnos- 
tic ability. We therefore still use our 
longstanding positive oral contrast ma- 
terial-based protocol when a patient is 
suspected of having acute appendicitis. 

Despite the previously mentioned 
drawbacks, the results of our study pro- 
vide a strong indication that excellent 
bowel distention and visualization can 
be obtained by using Volumen. The abil- 
ity of this contrast agent to produce 
neutral contrast enhancement provides 
considerable advantages for emerging 
volume imaging with multi- detector 
row CT. 
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